Abstract: This experiment was conducted to determine the effect of different dietary energy sources on hepatic lipid content and induction of Fatty Liver-Hemorrhagic Syndrome in laying hens. One hundred and fifty Lohmann commercial layers were divided into three groups of fifty birds each. According to a single factorial arrangement, birds were given one of three experimental diets with control(group 1, 2.65Mcal/kg),or high energy diet which was offered with 7% lard (group 2, 3.06Mcal/kg) and offered with 26% cornstarch (group 3, 3.00Mcal/kg). High energy diets decreased feed intake and egg production (p<0.01), average egg weight of group 3 (cornstarch) was decreased (p<0.01); In chicks fed the 7% lard diet or 26% cornstarch ad libitum, hepatic EE (ether extract) and triglyceride were increased significantly, cornstarch could increase hepatic EE, triglyceride and total cholesterol more significant than lard. The average activity of ALT and AST of high energy was increased to be more than 2 times than control treatment of the last three times blood collection. The LDH of high energy diet was increased with no significant difference of the first three times blood collection. In our experiment, the birds fed the 7% lard diets had the largest increase in plasma triglyceride, but there were no significant treatment effects on plasma triglyceride content by cornstarch all the experiment period. The average hemorrhage score of group 2(lard diet) was the highest in the three groups. In chicks fed the 7% lard diet or 26% cornstarch ad libitum had significantly higher MDA values. In the present study, plasma ALT, AST, LDH activities and TC concentration were positively correlated with hepatic TG concentration (p<0.01). The results showed that measurement of enzyme activities indicative of liver damage in birds, particularly AST, ALT, and plasma TC concentration, is a valuable tool in the diagnosis of fatty liver-hemorrhagic syndrome in a flock of layers. These results suggest that dietary carbohydrate can induce FLHS more efficiently that dietary fat, the hens overfeed high fat diets have significantly more liver hemorrhage than high carbohydrate diets.
INTRODUCTION
Fatty Liver-Hemorrhagic Syndrom (FLHS) is a metabolic disorder that occurs widely in poultry flocks and has been reported to be the most frequently diagnosed condition in commercial laying hens (Squires and Leeson, 1988) . The decrease in egg production and increased mortality associated with FLHS cause considerable economic loss to egg producers. Several factors have been implicated as having potential contributory elements towards the occurrence of FLHS, including nutrition, environment, genetics, endocrine, toxins etc (Squires and Leeson, 1988; Walzem et al., 1993) . Despite extensive research in all these areas, the aetiology of FLHS remains idiopathic and no definitive prevention and cure methods for FLHS have been outlined for use in live birds. Previous experiments have demonstrated high energy diet can effectively induce FLHS in the laying hen and
MATERIALS AND METHODS
some plasma enzyme activities have been used t o Animals and diets: This experiment was conducted diagnose FLHS (Diaz et al., 1999; Yousefi et al., 2005) , according to protocols approved by Sichuan Agricultural but the researches about the effect of different dietary University Animal Care and Use Committee. One energy sources such as carbohydrate and fat o n hundred and fifty Lohmann layers (30 weeks of age, induction of fatty liver-hemorrhagic syndrome i n individually caged) were used in this experiment. Hens commercial laying hens have not been described before. It has been suggested that oxidative damage to the cellular and organelle membranes of the liver increases the susceptibility of the liver to haemorrhage (Squires and L eeson, 1988; Schumann et al., 2003) . Some researches on the mammals find that there are two "hits" in the process of Steatohepatitis, the first "hit" is the homeostasis of lipid metabolism destroyed, hepatic net lipid can probably increase; the second "hit" is the inflammation (Day and James, 1998 ), so we think that the hepatic net lipid deposition is probably the first step in the p rocess of FLHS of the laying hen, and the relationship between the selected plasma enzyme activities for the diagnosis of FLHS and hepatic lipid must be determined.
were divided into three groups of fifty birds each. All birds comparing with basic diet treatment. Total cholesterol were given experimental diets ad libitum from battery cages equipped with separate nipple drinkers. Three diets were partially formulated in accordance with the nutrient requirements of poultry (National Research Councile, 1994) . The groups were: 1) group 1 (control, 2.65Mcal/kg); 2) group 2 (high fat diet, offered by lard, 3.06Mcal/kg) ;3) group 3 (high carbohydrate diet, offered by cornstarch , 3.00Mcal/kg). The experiment continued for 85 days.
Sample collection and analysis: Egg production and feed intake was recorded daily and expressed by whole experiment period per group. The weight of the birds were measured at the start and the end of the 85-d experiment period. From d 30, blood samples were taken from wing vein at 14-d interval from 9 birds of each groups which were marked by symbol. The plasma was separated by centrifugation on 2000g for 5 min and subsequently stored at -20 C until analysis. The o activities of plasma ALT, AST, LDH, GLU,TG,TC were determined with commercial kits by SHIMADZU CL8000 clinical chemistry analyzer, and MDA b y spectrophotometer thiobarbituric acid method (TBA). All the marked birds were humanly killed at the end of the experiment and the livers were carefully removed, weighed, and scored for liver hemorrhage by assigning a score from 0 to 3 with 0 indicating no hemorrhages; 1, up to 10 subcapsular petechial or ecchymotic hemorrhages; 2, more than 10 subcapsular petechial or ecchymotic hemorrhages; and 3, massive liver hemorrhage (Diaz et al., 1999) . Liver samples were taken for the determination of dry matter (Vacuum Freezing) and fat content.
Statistical analysis:
Date are expressed as the mean ± SEM. Data were analyzed using the general linear model procedure of SPSS 11.0. Mean values were compared by multiple range test (Duncan). The level of significance was p<0.05.
RESULTS
Productive performance: The effect of different dietary energy sources on productive performance of laying hen were shown in Table 2 , compared with group 1, body weight of group 2 and group 3 were increased significantly (p<0.05); high energy diets decreased Feed intake and Egg production significantly (p<0.01); compared with group 1 and group 2, average egg weight of group 3 (cornstarch) was decreased (p<0.01); feedegg conversion rate of group 2 was decreased with no significant difference.
The composition of liver lipid: Composition of liver lipids were shown in table 3. For chicks fed the 7% lard diet or 26% cornstarch ad libitum, hepatic ether extract and triglyceride were increased significantly (p<0.01) was increased with no significant difference (p>0.05). As can be seen from the Table 3 , compared with group 1, phospholipid of group 2 was increased significantly (p<0.05), there was no significant difference between the group 2 and group 3. From table 3, cornstarch could increase hepatic EE (ether extract), triglyceride and total cholesterol more significant than lard.
Plasma biochemical indices:
Plasma biochemical indices which were used to diagnosis FLHSH were shown in Table 3 . In the present study, plasma ALT, AST, LDH , GLU activities and TG ,TC concentration were determined. In chicks fed the high energy diet ad libitum, The average activity of ALT and AST was increased to be more than 2 times than control treatment of the last three times blood collection . The LDH of high energy diet was increased with no significant difference of the first three times blood collection, but average activity of LDH was more higher than the other two groups when the chicks were fed the 7% lard diet. Besides these enzymes, plasma TG and TC were influenced by high energy diets (Table 4 ). In our experiment ,the birds fed the 7% lard diets had the largest increase in plasma triglyceride, but there were no significant treatment effects on plasma triglyceride content by cornstarch all the experiment period, and it was interesting that plasma triglyceride content of group 3 was even lower than that of the control treatment all the experiment period. In the experiment, plasma TC content of group 2 was increased significantly (p<0.01) comparing with diet treatment of the last two times blood collection. Liver hemorrhage score: In the experiment, hens consuming lard and cornstarch ad libitum develop fatty liver (Table 5 ). In general, the hens overfeed high energy diets become obese, develop large fatty liver and have significantly more liver hemorrhage (walzem, 1993) . But in our experiment, the average hemorrhage score of group 2 (lard diet) was the highest in the three groups. The fatty liver of group 3 have no significant hemorrhagic phenomenon. The concentration of MDA in plasma were influenced by high energy diets (Table 5 ). As can be seen from the table 5, hemorrhage score and the MDA concentration of plasma have the same trend. In chicks fed the 7% lard diet or 26% cornstarch ad libitum had significantly higher MDA values than the control treatment. Result showed that hens fed the lard had higher plasma MDA value and had significantly more severe liver hemorrhage scores than the hens fed on the cornstarch diet. Compared with group 1, the MDA concentration of group 2 and group 3 was increased significantly (p<0.01).
Correlation coefficients:
In the present study, plasma ALT, AST, LDH activities and TC concentration were positively correlated with hepatic TG concentration (p<0.01), because the hepatic EE is most formed with 
DISCUSSION
This study was carried out to investigate the effects of different dietary energy sources on induction of Fatty Liver-Hemorrhagic Syndrome and liver lipid content in laying hens. Two energy sources diets were used in this experiment. Egg production and feed intake of hens fed high energy diets were considerably less than the hens of control group. This result was consistent with that of Harms et al. (2000) and Yousefi et al. (2005) , who reported that hens fed a high energy diet consumed less feed than hens fed control diet, one of the major reasons is that energy content has a key role in the control of food intake (McNab and Boorman, 2002) . Changes in dietary energy concentration modulate feed efficiency through a dependent pathways. As dietary energy increases, energy needs are satisfied with decreasing feed intake. (Plavnik et al., 1997) , so, egg production was limited by decreased feed intake. Hens consuming the diet ad libitum or intubated with the diet in quantities equivalent to usual daily energy intake maintained normal rates of laying, did not become obese, and did not develop liver hemorrhage. Hepatic lipidosis was often referred to as Fatty liver, the etiology of these syndrome has been proposed to be nutritional in nature, observed practically in response to forcefeeding high energy diets (Van Elswyk et al., 1994) . Only a few researchers have investigated the effect of different energy sources on hepatic lipids of laying hens. Our experiment has showed that not only carbohydrate but also fat could increase hepatic lipid content. And triglyceride is the main lipid which deposited in the liver (Walzem, 1996) . The marked increasing in percentage of t riglyceride and phospholipid is caused by high energy diets and there is a direct relationship between triglyceride and total fat content in fatty livers of laying hens.
In the present study, plasma ALT activity was found to be about 2 times higher in hens of group 3 than in hens of control group, plasma AST activity was increased with the same trend. As two important transaminases i n hepatocytes, these transaminases could be released from the cytolymph when the hapatocytes had been destroyed. So, some transaminases and LDH were used to detecting the Hemorrhagic Syndrom, damnification of the hepatocytes and inflammation. In our study, from the second blood collection, plasma AST, ALT and LDH activity of hens in group 2 was higher than group 3. this result was supported by the liver hemorrhage score and MDA in plasma in this study. Lipid and glucose are main energy resource of animals, the first step in lipid metabolism is the hydrolysis of the lipid in the cytoplasm to produce glycerol and fatty acids. The liver has a central role in the storage and distribution within the body of all fuels, including glucose, but the metabolism of glucose and fatty acids is different. Glucose will be oxidized by all tissues to synthesize ATP. The most important pathway which begins the complete oxidation of glucose is called glycolysis. And Beta oxidation is the main pathway of fatty acids metabolism. So , when fatty acid deposited in liver, Beta oxidation stress would be strengthened, this is a cause of oxidative damage from an increased production of free radicals in hepatocytes. MDA is a lipid per oxidative products, indirectly reflecting the degree of per oxidative damage of the body by the per oxidative degree of lipids (Squires and Wu, 1992; Bucala, 1996; Ahsan et al., 2003; Tao et al., 2005) . So, our result showed that hens consumed the diet with lard, the liver hemorrhage score and MDA in plasma were higher than hens consumed the cornstarch diets. The same trend could be found within the AST, ALT and LDH activity. The results showed that measurement of enzyme activities indicative of liver damage in birds, particularly AST, LDH, and GDH, is a valuable tool in the diagnosis of fatty liver-hemorrhagic syndrome in a flock of layers (Diaz et al., 1999) . As can be seen from our result (Table  6) , correlation coefficients among hepatic TG and some biochemical indices were first researched. In the present study, plasma ALT, AST, LDH activities and TC concentration were positively correlated with hepatic TG concentration (p<0.01), but the plasma LDH activities of hens in group 3 has no significant difference with control group. So ,we do not think that plasma LDH activities was a sensitive tool which could be used to diagnose the fatty liver-hemorrhagic syndrome in a flock of layers. These results suggest that dietary carbohydrate can induce FLHS more efficiently that dietary fat, the hens overfeed high fat diets have significantly more liver hemorrhage than high carbohydrate diets.
